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CLFV - Heavy state decays

Workshop Agenda

2 Thursday Sep 3, 2020, 10:00 AM — 2:25 PM us/Central

TYRYWE 10 Welcome e Joint workshop EF02-EF09-RF5
https://indico.fnal.gov/event/44931/

Workshop-heavy-int

i

— 10:40 AM  (Theoretical) Introduction to heavy state LFV decays

Speaker: Wolfgang Altmannshofer

B e Review constraints on direct searches of
RPN — 11:10 AM  Experimental review of Higgs LFV decays Charged Iepton—flavor ViOIation decays Of

B oot heavy (W,Z,t,H, heavy exotic) states

— 11:40 AM  Experimental review of Z,W,t LFV decays

Speaker: Stefania Xella

e Interplay with low-energy constraints

RRR LAV — 12:00 PM Coffee break

APE ISV — 12:30 PM  Theory of LFV in exotic decays

e Huge thanks to the speakers and attendees
o This summary borrows/summarizes slides

e D i presented. All credits to workshop’s speakers, all
mistakes/omissions on me

— 1:30 PM Open discussion
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https://indico.fnal.gov/event/44931/

Heavy SM State LFV Decays and New Physics

e Inthe SM, LFV decays of Z, Higgs and top heavily suppressed
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e.g. BR(Z — ne) ~BR(Z — up) |

1672 m2,

e New Physics at a scale A\ alters these BRs

BR(Z—>pue) , (v BRH-om) o (v\*
BR(Z = up) ~ NP (A " BR(H = 17) 9N\ A

BR(t »cue) 9% [ v \°
BR(t —2 Wb) 1672 ANP

e (Caveat: the situation in concrete model can be quite different



LFV in Higgs decays

e Searches limited by statistics of available Higgs bosons and large backgrounds
o Further categorize events based on expected Higgs production mechanism
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LFV in Higgs decays
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» Weak indirect constraints from 7 — uy and 7 — ev.

» But © — ey strongly constrains BR(H — p.e) and

BR

Blankenburg, Ellis, Isidori 1107.1216; Harnik, Kopp, Zupan 1209.1397; Davidson, Verdier 1211.1248

(H— 7u)xBR(H — Te)
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LFV in Z decays and high-mass di-lepton

Take advantage of large number of produced W,Z and top at LHC

» Severe indirect constraints on Z — pefrom py — ey, p — 36, u — €
conversion (barring accidental cancellations).
(e.g. Delepine, Vissani hep-ph/0106287; Davidson, Lacroix, Verdier 1207.4894)

» Complementary sensitivity in the case of taus.

LHC and flavor limits (@95% CL)
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LHC and flavor limits (@95% CL)
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LHC and flavor limits (@95% CL)

m 7 - LHC (C=36.117")
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End of HL-LHC :
3000 fb!

High mass di-lepton final state can provide
complementary coverage

Eff. coeff. Operator SMEFT
ar TLivuqr)(Eocy*err) o' o)
Cil,f,le (Trivear;) (Erey*Lri) O O
C;T,ﬁ (@i V/L(IL/)(KRA y*eri) Oge

CU:Z (@rivear;)(ELey™eer) O Ol
C_ig;“ (@riqr;)(Critr) + hc. Oledq
ar (@riqr;)(ELktri) + hc. Ol
CiTjkl (‘/L O ‘IR/) ZL/\U“ "Cri) +h.c. 01(31;1

0

10 20 30 40 50 60
Yer |2 Yre |2 3
|Cer >+ |C[;V;U| x 10

0

10 20 30 40 50 60

|Cha, 1> + |Cqg, 12 x 10°



LFV in top decays

t q
Take advantage of large number of produced W,Z and top at LHC
3 body decays that violate lepton and quark flavor t — q¢¢’
(Davidson, Mangano, Perries, Sordini 1507.07163) ¢ 7
The decays are competing with an unsuppressed 2 body decay t — Wb
. X 4 . : 80 fb! 13 TeV
Q’NP R & 5 1 TeV B(t — (l'q) < 1.36753; x 107 (expected). i
BR(t — C/.l/e) ~ '167«}«2 \ V/‘\‘NPV /) . 2 o 10 4 gNP /\NP B(t — (l'q) < 1.86x 107  (observed). L

B(t — euq) < 4.8ﬁﬂ x 107° (no 7 in cLFV vertex, expected),

B(t — euq) < 6.6 x 107 (no  in cLFV vertex, observed).

» Possibly in reach of the LHC for New Physics at the TeV scale.

Very few studies available for HL-LHC

Table 5 Expected upper limits on BR(t — gu*e¥), under the hypothesis of the absence of signal, for 8, 13 TeV (in two scenarios: the case of 20
and 100 fb~! collected luminosity) and 14 TeV for 3000 fb~! collected luminosity

8 TeV (20 fb~ 1) 13 TeV (20 fb~ 1) 13 TeV (100 fb~ 1) 14 TeV (3000 fb~ 1)

BR(t — gu*e¥) <6.3 x 1073 <29 x 1073 <12 x 1073 <2x 1076




LFV/LNV in W and high-mass W, decays
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Direct searches for LFV decays in exotic states

On-shell production
e+e- collider

Heavy resonances appear in most BSM models

Interplay with low-energy searches can heavily
depend on model, but some of these searches are
complementary, some largely constrained

LHC searches

Final state Interpretations Dataset Experiment
ep RPV, QBH, Z’ | 36/fb, 13 TeV CMS
et, pt RPV, QBH, Z' | 3/fp. 13 TeV ATLAS
Multileption | Heavy fermions | 36/fb, 13 TeV CMS
MT Light scalar 2/fb, 13 TeV LHCb
MT Heavy scalar 36/fb, 13 TeV CMS
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Few words about Leptoquarks

» Leptoquarks could lead to LFV and
LFUV

> Increased interest in leptoquark
searches due to B-anomalies

> LQ LFV models generally have very pt
low cross-section, or allowed LQ 3
mass very high, so current searches
focus on generation specific LQs

» Pair production/ single production

> Mass exclusion limit at the ballparkw.

https://arxiv.org/pdf/
(_C) 1706.08511.pdf
q]

Crivellin, Miiller,
Signera, Ulrich

\of 1 TeV' (depends on model) J Summary of CMS

\J LQ searches

scalar LQ (pair prod.), coupling to 1% gen. fermions, =1
scalar LQ (pair prod.), coupling to 1* gen. fermions, f =05
scalar LQ (pair prod.), coupling to 2™ gen. fermions, =1
scalar LQ (pair prod.), coupling to 2™ gen. fermions, =1
scalar LQ (pair prod.), coupling to 2™ gen. fermions, §=0.5
scalar LQ (pair prod.), coupling to 3% gen. fermions, f =1
scalar LQ (single prod.), coup. to 3¥ gen. fem  B=1A=1
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<l44 181101197 (2e + 2j)
<127 181101197 (2 + 2j; @ + 2j + EF™)
<153 180805082 (2 + 2j)
08-15 181110151 (1p+ 1j + EP=)
<129 180805082 (2p + 2j; p +2j + EJ'™)
<102  1811.00806 (27 + 2j)
<074 180603472 (2v+ b)




Conclusions

e Productive workshop to explore connections between energy frontier and RF5
e Interplay with low-energy measurements results in some complementarity

e \Very few projection for HL-LHC
o Some of the analyses are rather complicated, such that a simple extrapolation is unlikely to
yield an accurate estimation of the HL-LHC sensitivity

e Some exploration of future collider reach available
o not comprehensive by any means
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On-shell production of H at hadron/lepton colliders

Dev, Mohapatra & YCZ '18 PRL; PRD

e the qg/eTe™ process

qq, ete” — Efjég +H, e <swmi+H

ety 5 4T+ H,




